one of important criteria in polycystic ovarian syndrome, found in investigations, is changes of sex hormones levels. Several therapies have been proposed till now for polycystic ovary disease. Due to the side effects of medications, it is critical to identify and provide alternative medicines. Considering the above mentioned issues and the importance of therapy for these patients, so this study was performed by the purpose of investigation on the effect of pomegranate juice extract on changes of active hormones in patients with polycystic ovary syndrome. a total number of 56 female Wistar rats, weighing 170-200 g, were selected. They all had 2 to 3 consecutive estrous cycle during 12 to 14 days. The rats were then divided into 6 groups of 8 each that included; control 61group (without getting any substances were kept for 61 days); PCOS61 group (they intramuscularly received 4 mg estradiol valerate and were killed after 61 days); control 81group (without getting any substances were kept for 81 days); PCOS81 group (they intramuscularly received 4 mg estradiol valerate and were killed after 81 days); experimental 1 group (4 mg estradiol valerate through a single injection and 100 mg/kg Pomegranate extract by gavage); experimental 2 group (4 mg estradiol valerate through a single injection and 200 mg/kg Pomegranate extract by gavage); experimental 3 group (4 mg estradiol valerate through a single injection and 400 mg/kg Pomegranate extract by gavage). At the end of the study, mice of all groups were weighed and then they were made unconscious and blood samples were taken from them. After that, serum samples were obtained and free testosterone blood factor, estrogen and androstenedione were measured by ELISA. The results show that the concentration of estrogen and testosterone hormones and androstenedione in the 61-and 81-day experimental groups had a significant increase compared to the 61-and 81-day control group and in the experimental minimum, average and maximum groups has a significant reduction compared to the 61-and 81-day PCOS groups. Given the above mentioned issues, the use of pomegranate juice improved changes in female sex hormones in PCOS patients. Therefore, it is recommended to use this extract to reduce the symptoms of polycystic ovary syndrome.
INTRODUCTION
Polycystic ovary syndrome was first introduced by Stein and Leventhal, in 1935 1 . This syndrome is a heterogeneous complex disorder which is affected by multiple factors. Approximately, 4 to 18 percent of women are affected by it and some complications like reproductive dysfunctions and metabolic and mental disorders arise in women with polycystic ovary syndrome (PCOS). The hypothalamic-pituitary-adrenal axis has a fundamental role in the growth and regulation of reproductive system in men and women. The activity of this axis has been reported high in patients with polycystic ovary syndrome 2 .
Studies show that a number of endocrine disorders in polycystic ovary syndrome strengthen and intensify each other 3 . Several therapies, such as changes in lifestyle, administration of medicine, and surgery, have been proposed till now for polycystic ovarian disease. Now the most recognized therapy is taking medications such as clomiphene citrate, metformin, letrozole, and tamoxifen 3 . Given to the side effects of these medicines, identification and synthesis of alternative medicines will have significant importance. There has been always a special attention to medicinal plants since ancient times and today, with numerous studies performed in this regard by the title of herbal medicine, worthwhile and beneficial effects of most of plants are obtained 4 .
Pomegranate by scientific name of Punica granatum is one of known fruits. Its cultivation in Iran and Middle East has a long history. Pomegranate plant grows in hot arid regions 5 . It has numerous medicinal properties and is mentioned as a paradise plant. Various parts of Pomegranate fruit contains different metabolites such as variety of vitamins such as B2, C, and B1, and folic acid, pantothenic acid, sugars, organic acids, alkaloids, polyphenols, and anthocyanins. Hydrolyzed tannins called Punic alagins constitute the most important polyphenols of pomegranate juice 6, 7 . Studies expressed that the red color of pomegranate juice is due to the presence of anthocyanins such as delphinidin, cyanidin, and pelargonidin glucoside 8, 9 . It was also stated in investigations that pomegranate seed oil is one of the six known sources of saturated and unsaturated fatty acids 10 .
Pomegranate is an antioxidant-rich fruit (approximately as much as green tea) and contains a large amount of vitamin C and potassium. Past studies on pomegranate impact on male reproductive system showed that pomegranate juice increases the number of live birth in mice. Also stated that in addition to increase in live births, the fertility in male mice increased, as well 11 . Studies on aqueous extract of pomegranate seeds on the base activity of rat uterine smooth muscles indicated that this extract accumulatively and dose dependently increases contraction force in these muscles; it probably has an important role in reducing postpartum hemorrhage 12 . Considering the above mentioned issues, medicinal importance and pomegranate various effects on reproductive system, this study was performed by the purpose of investigation on the effect of pomegranate extract on hormonal changes caused by polycystic ovary syndrome in female Wistar rats.
METHOD
This research was performed experimentally, completely randomized and in vitro condition. A number of 56 adult rats that no research had been done on them and/or on their parents, with 2 or 3 consecutive regular estrous cycle were bought from Jahrom University of Medical Science. Compressed foods produced by Animal Feeds Joint Stock Company used to feed the animals. The ambient temperature was adjusted at 23 3 ÚC, and the rats were kept in a 12-hour of light and 12-hour of darkness cycle. Throughout the test, the rats were supplied with water and special food for mouse, without any restriction.
To perform the test on adult female rats, they all should be placed on a sexual cycle. The rats were in different phases of estrous and an approach must be taken to place them all on one cycle. For this purpose, their vaginal smears were prepared to ensure that they were all in a same phase of serous cycle. Estradiol valerate (0.2 mL, at concentration of 4 mg/kg) was injected by syringe (manufactured by Razi Pharmaceutical Company) to induce ovarian multiple cysts. The rats in PCOS groups received this amount intramuscularly and in a single injection.
To prepare pomegranate extract, the plant powdered at first with electrical mill, and soxhlet method used then for extraction. In this method, for every 10 grams of powdered pomegranate 200 ml of related solvent consisting of water and ethanol was added to it and the obtained mixture poured into the soxhlet device. Finally, the solvent separated from the extract using Rotavapor device.
The PCOS cases were randomly divided into 6 groups of 8 each: Control61group: without getting any substances the rats were kept for 61 days and in normal conditions. PCOS61 group: the rats intramuscularly received 4 mg estradiol valerate in 0.2 ml sesame oil through a single injection and they were killed after 61 days. Control81 group: without getting any substances the rats were kept for 81 days. PCOS81 group: they intramuscularly received 4 mg estradiol valerate in 0.2 ml sesame oil through a single injection and were killed after 81 days. Experimental1 group: this group received 4 mg estradiol valerate in 0.2 ml sesame oil through a single injection and 100 mg/kg pomegranate extract by gavage. Experimental2 group: this group received 4 mg estradiol valerate in 0.2 ml sesame oil through a single injection and 200 mg/kg pomegranate extract by gavage. Experimental3 group: this group received 4 mg estradiol valerate in 0.2 ml sesame oil through a single injection and 400 mg/kg pomegranate extract by gavage.
After the end of the experiment, the rats anesthetized and placed on dissecting table. After that process blood samplings were obtained directly and carefully from their hearts and ventricle section using 5 CC syringe. Serum was prepared then and the concentration of estrogen, free testosterone, and andrestandion hormones were measured by ELISA method. Then to express the dispersion of a set of numbers, the amounts were given as SEMmean. One-way analysis of variance (one-way ANOVA) followed by Duncan test were used for comparison between groups and for multiple comparison between different groups, respectively. The obtained values were statistically considered significant at level of <P 0.05.
RESULTS
Comparison of groups revealed that estrogen concentration in PCOS61 group and in PCOS81 group had significant increase compared with control 61 group, and control 61 and 81 groups, respectively. The experimental groups with consumption of minimum and average dose of the extract had significant increase compared with control 61 and control 81groups. The experimental groups with consumption of minimum, average, and maximum dose of the extract had significant reduction compared with PCOS61 and PCOS81 groups ( Table 1) .
Comparisons of groups revealed that the concentration of free testosterone hormone in PCOS61 group, and in PCOS81 group had significant increase compared with control 61 group, and control 61 and control 81 groups, respectively. The experimental groups with consumption of minimum, average, and maximum dose of the extract had significant increase compared with control 61 and control 81 groups. The experimental groups with consumption of minimum, average, and maximum dose of the extract had significant reduction compared with PCOS61 and PCOS81 groups ( Table 2 ).
The obtained results from measurement of andrestandion hormone between different groups revealed that the concentration of this hormone in PCOS61 group, and in PCOS81 group had significant increase compared with control61 group, and control 81 groups, respectively. The experimental groups with consumption of minimum, average, and maximum dose of the extract had significant decrease compared with PCOS61 and PCOS81 groups (Table 3) .
DISCUSSION
The obtained results showed that there were significant increases in related changes to estrogen, free testosterone, and andrestandion (androgen) hormones in PCOS61 and PCOS81 groups compared with control 61 and control 81 groups, respectively. Women with polycystic ovary syndrome have disorders in androgens metabolism and estrogen synthesis 13 . Clearly, in this illness women are faced with reduced amount of progesterone hormone, and with increased amount of estradiol, testosterone, and andrestandion hormones. Depending on stimulation level of LH hormone in women with PCOS, the daily means of estrogen and androgen synthesis increase 14 . As reported in investigations, the symptoms of this syndrome are hirsutism and acne due to excessive synthesis of androgen hormone 1 . It was also indicted that polycystic ovary syndrome is associated with many endocrine disorders. Among them can mention to impairment in secretion of gonadotropins, especially LH hormone. Increased levels of LH will raise the secretion of androgen hormone 3 . Other studies expressed that insulin and insulin-like growth factors (IGFs) increase in women with PCOS which in turn will raise androgen synthesis in single cells 3 . This result is consistent with the present study. Other studies reported that polycystic ovary syndrome increases secretion of testosterone and LH hormones and reduces FSH hormone 15 .
Studies reported about the amount of secretion of testosterone and andrestandion hormones that mutation in aromatase P450 enzyme in ovarian tissue resulting in impaired function of these enzymes. It also increases androgens which are probably due to this syndrome 16 . According to the past studies it was stated that aromatase has been successfully used for induction of ovulation. It is likely that women with polycystic ovary syndrome have relative deficiency of aromatase in their ovaries, which leads to the increased level of ovarian androgens and eventually leads to creation of multiple small follicles (polycystic ovarian morphology) 17 . Androgens also increase FSH receptors synthesis in women with PCOS and these patients have high sensitivity to increased level of FSH in response to exogenous gonadotropins. So, increased FSH in women with PCOS could raise the risk of ovarian hyperstimulation syndrome and multiple ovulating 17 .
Presumably increase of estrogen, testosterone, and andrestandion hormones in this study can also be due to mutation in aromatase P450 enzyme that catalyzes biosynthesis of estrogen from androgen. The results of this research are similar to past findings in polycystic women. The concentration of estrogen, free testosterone, and andrestandion hormones in the patient groups receiving pomegranate extract, in this study, has significant decrease compared with the patient control groups. This is due to the protective effect of the extract and the protection effect becomes more sensible by increasing dose of pomegranate extract. It shows and confirms positive effects of this extract on reduction of hormonal complications of polycystic ovary syndrome.
The reason which can be stated for decrease of hormones is that phytosterols are substances that are naturally available in plants and these are similar to cholesterol that can interfere in absorption of cholesterol, can reduce the amount of low-density lipoprotein (LDL) that sometimes referred to bad cholesterol and triglycerides, and play role in reduction of androgen and particularly testosterone hormones 18 . It was also stated in another research that available phytoestrogens in herbal extracts reduce synthesis of gonadal steroids such as testosterone through reduction of cholesterol 19 , which agrees with findings of this study.
Other performed investigations on compounds containing phytoestrogens showed that long-term use of these compounds will reduce the amount of testosterone hormone 20 . Studies indicated the reduced amount of testosterone in rats fed with phytosterol for 22 days compared with control group 21 , which is consistent with findings of this study.
Studies showed that pomegranate seed oil contains phytoestrogen which prevents from appearance of cancer 22 . In plants containing phenolic compounds similar to pomegranate extract, were also found that the concentration of estradiol hormone in patients with polycystic ovary syndrome has significant reduction than control group, which indicates the positive effects of phenolic compounds in improving complications of polycystic ovary syndrome 23 .
Study on phenolic compounds revealed that these compounds have anti-androgenic properties and apply their inhibitory effect on formation of dihydrotestosterone receptor complex. They also reduce secretion of testosterone hormone 24 . Various studies revealed that these plants have phenolic compounds 25, 26 .
Therefore, that phenolic compounds of pomegranate extract lead to reduced effect of testosterone hormone through inhabitation from formation of dihydrotestosterone receptor complex is also a possibility that discussed in the present study. Remission can be justified by this effect based on the reduction of testosterone effect. In addition, the extract may enhance the activity of aromatase enzyme, and cause reduction in testosterone levels through aromatization process and by conversation of testosterone to estrogen. It is expected thus estrogen concentration increases, but the results does not reveal such variation. Reduced amount of estrogen hormone can also be for the reason that all of steroid hormones such as estradiol are derived from cholesterol. As a result, synthesis of steroid hormones such as estradiol decreases by reduction of cholesterol concentration 19 . According to researches, feeding with pomegranate seed oil significantly reduces the accumulation of triglycerides and unsaturated fatty acids in rats 22 . So it is likely that in spite of conversion of testosterone into estrogen, the cause that the concentration of estrogen is still low in groups receiving the extract in the study is an issue that pomegranate extract reduces body fat and cholesterol reserves that are effective in concentration of estrogen hormone.
CONCLUSION
According to the above, consumption of pomegranate extract improves changes of female sex hormones by reducing the concentration of estrogen, free testosterone, and andrestandion hormones in patients with PCOS. So, consumption of the extract is recommended for reduction of polycystic ovary syndrome complications.
